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ABSTRACT 

PROBLEM TO BE SOLVED: To manufacture a tiiin film transi.stor wiiho.il using 
high temperature heat treatment proce.s.s, and to stabilize and make uniform 
the thre-shold voltage of the thin film tran.si.stor. 

SOLUTION: A gate electrode 41 and a gale insulating film 42 are formed on a 

substrate 50, a heaving doped impurity polycrystalline silicon thin film 10 

is formed in a manner that it is insulated to the gate electrode 41 . Ions, 

with which the impurity element in silicon is inactivated, are implanted on 

a part of the .section opposing to the gate electrode 41 of the 

polycry.stalline silicon thin film 10. As a result, the carrier 

concentration of the above-mentioned part becomes low, a channel region 1 

IS formed, and the remaining part becomes a .source and drain region 2. 

Accordingly, a thin film transistor, on which the carrier concentration of 

the channel region 1 is controlled in a highly precise manner, is 

manufactured without performing a high temperature heat treatment process. 
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Specification 

(54) Title of Invention: Manufacturing Method of Thin Film Transistor 
(57) Summaiy 

[Puipose] To manufacture a thin film transistor without a high ttnnperature thei-nial 
processing process, and to make a threshold voltage Vth of the tliin fihn transistor stable and 
uniform. 

[Means for solution] A gate electrode 41 and a gate insulating film 42 are formed ou a 
substrate 50, and a poly-ciystallme silicon thin film 10 with high impurity concentration i.s 
formed with the gate olectmde 41 insulated. Then, an ion which inactivates impurity 
element in sihcon is implanted into one poition facing the gate ('Icctrodc 41 of tlie 
poly-ciystalUne silicon thin film 10. Accordingly, the portion becomes a channel rcgion .1 
because the carrier concentration of the portion is lowered, and the rest become source and 
drain regions 2. Consequently a thin film transistor wherein the carrier concentration of 
the channel region 1 is controlled precisely is manufactured without a high temperature 
thermal processing process. 

[What is claimed] 

[Claim 1] A manufacturing method of a thin film transistor comprising: 

a gate structure forming process for forming a gate electrode and a gate insulating film; 
a depositing process for depositing a semiconductor thin film with high impuiity 

concentration with said gate electrode insulated; and 

a channel forming process for making one portion facing .said gate electrode of said 

semiconductor thin film a channel region by ion implanting and making the rest a source 

region and a drain region; 

wherein an ion implanted in said ion implantatipn inactivates an impurity element in 
said semiconductor thin film. 

[Detailed Description of the Invention] 
[0001] . 

[Field of the. invention] Tlie present invention relates to a manufactuiing method of a thin 
fihn transistor, for example used for a switching element of an active matrix type display 
device, furthermorc relates in dctsiil to a manufacturing method of a thin fibn tran.<?istor 
wherein an element that a stable and uniform threshold voltage of each thin film traix«?istor 
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is obtained and a imdti giadation operation is possible can be manufactiu-ed without a 

thermal damage on a substrate and with simple process. 

[0002] 

[Prior art] Conventionally, in an active matrix type display device using a material for 
displaying such as liquid crystal etc., a thm film transistor is used as a switx:hing element of 
each pixel. The thin jSlm transistor like this, for example, is mentioned in Japanese Patent 
Gazette of Laid Open No. Sho 63*224258 etc. 

[0003] The conventional manufacturing method of a thm film transistor, in outline, is 
manufacturing a tliin fihn transistor shown in Figure 8 by a How such as Figure 7. TJial is 
to say, fii-st a gat« electrode 51 of the decided shape is fomiod on a tran.si);ncnt gl;i,s.s 
suljstrate 50 Oi). Tliis gate electrode 51 is made of metal such as m()lyl)dcnum (Mo) otc. or 
poly-crystalline silicon (Si). Then, a gate insulating film 52 is formed on the glass substrate 
50 including this gate electrode 51 by CVD (chemical vapor phase deposition) (b), and a 
channel layer 53 is formed on this gate electrode 51 and the gate insulating fihn 52 (c). Tliis 
channel layer 53 is made of amorphous silicon or poly ciystalhne silicon, wherein an impurity 
with low concentration is doped. The threshold voltage Vth of operation of the thin film 
transistor is decided by the impurity concentration of this channel layer 53. 
[0004] Next, a chamiel stopper layer 54 of silicon nitride (SiNv) is formed on this channel 
layer 53 by plasma CVD (d). This channel stopper layer 54 becomes .ui etching stoppcir in 
the subsequent source and drain pit)cessing. Then, the channel layer 53 is etched inix) the 
decided shape (e), on which a source and di-ain layer 55 is formed to the decided shajje (f), 
furthermotxj on which a .source and drain electrode 5fi is formed to the dcu:icl(ul shape (g). In 
case that the som-ce and drain layer 55 and the soui-ce and drain electrode 5() are etched into 
the decided shapes, the channel layer 53 is prevented fi-om etching by the chfumel stopi)er 
layer 54. The source and drain Layer 55 is made of amorphous silicon or poly ciystalUne 
silicon, whei-ein an impurity with high concentration (the same imijvuity of pn polarity a.s the 
channel layer 53) is doped. The source and drain electi-ode 56 is made of metal such as 
aluminum (AD etc. At last, covering a sihcon nitride protective film (Figiue is omitted) is 
performed by plasma CVD (h), consequently a thin fihn transistor device is accomplished. 
[0005] In the thin film transistor manufactured in this way, because the channel layer 53 has 
high resistance for its low impurity concentration, the conductivity between the source layer 
55 and the drain layer 55 is OFF under noi-mal conditions. However, when the voltage V« is 
applied to the gate electrode 51, the field efiect increa.ses the carrier concentration in the 
channel layer 53 so that the resistant value is lowered, consequentlj' the conductivity 
between the source layer 55 and the di-ain layer 55 becomes ON. The gate voltage V„ ax uses 
tliis ON reverse is a threshold voltage Vth. 

[0006] The manufacturing method mentioned above is that a thin film transistor is 
manufactured by using a transptuent glass substrate 50 as a sulislralo lor being used for a 
chsplay device, and not using high temperature thermal proce.s.sing, for example, ion 
implanting and thermal difiusion, because this glass substrate 50 is ea.sily affected by Mgh 
temperature. Accordingly, in formmg the channel layer 53 (c), and forming the sourcxj and 
drain layer 55 (£), not a non doped film containing no impmity is depasited, and into which 
an impurity is mtroduced and diffused subsequently, but a doped film containing an impurity 
fi-om the first is deposited. 
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[0007] 

[Pi-oblems to be solved by the Inventioia] However, the thm film transistor mmuifactured by 
said conventdohal method has pix)blem that the threshold voltage Vri, is vaiiablc cxtcn-sivolv-: 
The cause is the variable impmity concentration of the channel layer 53. 
[0008] Fii-st, for making this reason clem; the relation between tlic impurity <x)n<x5ntrMl,if)ii of 
the channel layer 53 and the threshold voltage Vth is explained. A thin film transistor of this 
kind operates ON by which the carrier concentration in the channel layer 53 rises up to the 
value enough for conductivity between the source layer 55 and the drain layer 55 by the field 
effect of the gate voltage Vg. The gate voltage Vg necessaiy for tliis operation is the 
thi-eshold voltage Vu,. The impurity concentration of the channel layer 53 decides the 
original value of the canier concentration, therefore, when the hnpmlty concentraticm is 
varied, the threshold voltage is aLso varied. For example, in case that the impurity 
concentration is higher than the normal value, the original canier concentration of the 
channel layer 53 is high, consequently the thin film transistor becomes ON by lower gate 
voltage V^.. That is to .say, the threshold voltage V,i, is lowei- than the normal value. On thv 
other-hand,-in-case- that the impurity 'concentration is lower than the normal value, the 
thi-eshold voltage Vu, is higher than the normal value. Therefore, in order to obtain the 
precise threshold voltage Vu,, the impuiity concentration of the chamiel layer 53 needs to be 
uniform. 

[0009] In said manufacturing method, this channel layer 53 is forniod by deiK).sitb{; :i.s a 
doped film containing the impurity. However, in a region with low impurity amccntration, 
the concentration is variable extensively becau.$e it is difficult for the device to control tlie 
concentration. On that point, this method is different fiom ion implantation wherein the 
number of implanted ions can be controlled precisely This variation of the wncentration 
exists between thin film transistore each other on one substrate as well as between 
substrates. Accordinglj', the threshold voltage Vtu of each thin film transistor is variablo on 
one substrate. Consequently the number of gradation of display used for a display device is 
limited to about sixty-four, and it cannot be increased any more. 

[0010] The present invention, is accomplished for resolving the problems of the convention:d 
technology, and has the puipose to offer a manuf^icturing method of a (hin film transistor 
wherein a thi-eshold voltage Vth of a thin film transistor is stable and is obtained uniformly 
with high reproducibiUty without high temperatiure thermal processing process 
[0011] 

[Means for resolving problems] A manufactuiing method of a tliin film transistor concerned 
in the present invention for accomphshed said puiposes is characterized by comprising: 

a gate structure forming proce.ss for forming a gate electrode and a gate insulating film; 

a dcpo.si(jng pi-oce.ss for depositing a semiconductor thin fiJm with liigh impuritA- 
concentration with said gate electrode insidated; and 

a channel forming process for making one portion faciiig .said gate electrode of said 
semiconductor thin fihn a channel region by ion implanting and making the rest a source 
region and a drain region.' 

wherein an ion implanted in said ion implantation inactivates an impmity element in 
said semiconductor thin film. 

[0012] In this manufactming method, after a gate electrode and a gate insulating film are 



3 



09-074207 



formed in a gate stiuctiue forming process, a semiconductor thin fiLn with high impurity 
concentration is deposited in a depositing process. This semiconductor tliin film is deposited 
with the impurity concentration having a suitable resistant value for a source region and a 
di-ain region of a thin film transistor. This concentration can be controlled precisely by a 
deposit apparatus, therefore the precision of the impurity concentration in the semiconductor 
tliin film is high. Also, this seiniconductor thin film is insulated fix)m the gate electrode by 
the gate insulating fihii. Then, ions are implaiited into one portion of the semiconductor 
thin film in a channel forming process. The portion into which the ions are impbmted is 
further one portion of the portion facing the gate electrode in the semiconductor tliin film. 
The ions implanted here inactivat^js the impurity element in the semiconductor thin fihn so 
as not to contribute to caiiier gi-ant. Accordingly, the portion into which tliis ion is 
implanted becomes the channel region of the thin film transistor because the carrier 
concentration is lowered and the resistant value is ina-eased in spite of high impurity 
concentration. The poitions where the ions are not implanted in the semic{)nduct«r thin 
film become the som ce region and the drain region of the thin film transistor. Besides, this 
ion-implantation-does not cause a thermal damage because a heating diffiisiori pi-ocessing is 
not performed subsequently. 

[0013] The thin film transistor manufactured in tliis way comprises the channel region which 
is one portion of the semiconductor thui film with high impurity concentration and inla 
which the ions mactivating the impmity element are implanted, the somce region mid the 
drain region that the rest of said semiconductor thin film, the gate electrode facing said 
channel region ;uk1 being wider than it, the gate insulating film insulating said gate (>le<;(.ni(le 
from said channel region, the source region, and the drain region. 

l(K)14] In tliis tliin film transistor, becau.se the carrier (.•onc(Mitj:iti<)n is lowcrerl by making 
impurity element inactivate by ion implantation in the channel region, the resistant value of 
this region is high. Accordingly in the normal condition, the c-onductivity between Mie 
source region and the di-ain region is OFF by this channel region. 'Hien, when a voltage V« 
is appUed to the gate electrode, an electric field by the voltage \\ on operates the whole 
channel region thr ough the gate insulating fihn, and of which field effect increases the carrier 
concentration of the channel region, consequently the resistance of the channel region is 
decreased. When the voltage reaches the threshold voltage Vth, the conductivity between 
the source region and the drain region becomes ON. 

[0015] The gate voltage Vg necessary for i-eversing the thin film transistor to ON, that is to 
say, the threshold voltage Vth depends on the carrier concentratitm of the channel region in 
case that the gate voltage is zero. This carrier concentration is a a)noentrati<m of an 
active impurity element in the channel region, which is subtracted the concentration 
inactivated by ion implantation in the channel forming pniccss fiom the impurity 
concentration at depositing the semiconductor thin film with high impurity concentration in 
the depositing process. Besides, because the impurity concentration at deposit can be 
controlled precisely by a deposit apparatus and the number of implanted ions can be 
conti-olled precisely in ion implantation, the concentration of the active impurity' element in 
the channel region can be controlled pi^isely and the reproducibihtv- is high. Consequently, 
even if a large number of thin film transistoi-s are foimed on one substrate, the uniformity of 
the threshold voltage Vth of each thin film transistor is high. 
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[0016] Besides, in this thin film transistor, because the channel region, the source i-egiou and 
the drain region ai-e formed as one layer of the semiconductor thin film with high impulity 
concenti-ation. a coijtact resistance between the channel region and the «ource and the drain 
regions is exti^eniely low and a channel length can be shortened. Accorchngly ON i^sistance 
is low and high-speed operation is po&sible. 

[0017] The foUowings ar e explanations by giving preferable situations for accomplishing said 
purpose further satisfactorily. 

[0018] [Situation l] In a manufactuiing method of a thin film transistor of claim 1, a 
manufactm-ing method of a thin film transistor whei^in ion implantation in said chnnnc'l 
foi-ming process is performed by patterning with photoresist mask, and an electrode forming 
process for forming a source electrode and a drain electrode on a source region and a drain 
region foraied on said semiconductor thin film in said channel forming process is included. 
[0019] [Situation 2] In a manufactuiing method of a thin film transistor of daim 1. a 
manufacturing method of a tliin Ghxi transistor wherein an electrode forming process for 

foiming a source electrode and a drain electrode on the portion to he. a source region and a 

chTirn region of a s"emicc)ndrict()r thin film depo.sit«d m said depositing ih-(kx?ss is included, aiid 
ion implanting is peiformed in said chamiel foi-ming pix)cess using this soiuce electi-ode and 
the drain electi-ode as pattern masks. 

[0020] In manufecturing methods of these situations 1 and 2, because a source electrode a nd 
a dniin elecirode for a source region and a drain region are formed in an electrode forniinf,' 
process, an ohmic contact between the souix:e and the drain regions and a wiring is obtciined 
by the source electrode and the diam electrode. Especially, in the manufacturing method of 
situation 2, because the source electrode and the di-ain electrode are used as the pattem 
masks at ion implantation, it is not necessaiy to perform photolithography for Urn 
implantation only, and the number of times of photo can be reduced. 

[0021] [Situation 3] In a manufacturing method of a thin film transistor of situation 1 or 
situation 2. a manufactuiing method of a thin fihn transistor wherein a stopper forming 
process for forming an etching stopper layer on a portion to be a channel region of a 
semiconductor thin fihn deposited in said depositing precess. or on a channel region formed 
on said semiconductor thin film in said channel forming process is included. 
[0022] In this maiuifacturing method, the etcliing stopper layer formed in the stopper 
fomimg proce.ss prevents the portion to be the channel region of the semiconductor thin film 
or the channel region formed on the semiconductor thin film fiom being etc;hed in etching .ui 
eleci;rode layer in an electrode forming process. For. under the condition that the electi" ,de 
layer is etched, because the semiconductor thin fihn is also etched fi^quently. it is necessaiy 
to prevent it fiom being etched. Tlrerefore. the timing in performing tliis stopper forming 
proce.ss can be before the electrode fcnming process, and also l^efiuo or after forming the 
channel region on the semiconductor thin film in the channel forming process. 
[0023] [Situation 4] In a manufactuiing method of a thin film transistor of claim 1, situation 
1, situation 2, or situation 3. a manufactming method of a thiii film transistor wherein a 
seimconductor thin fihn deposited in said depositing process is an amoiphous silicon thin film 
or a poly-crystalline silicon thin fihn. and an ion implanted in said channel foi-ming process is 
an ion of element of one or not less than two selected fix>m a giouf) comprising Si. F (fluorine), 
and Ar (argon). 
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[0024] In this manufacturing method, an mnoiphous siHcon thin film or a poly-ci3\staIline 
silicon tliin film with high impurity concentration can be deposited controlling the impurity 
concentration precisely by a normal depositing apparatus. Si, F and Ar have an operation 
for inactivating the impmity element by which they are ionized and implanted into the 
amoiphous silicon tliin film or the polyaystalline silicon thin film, and arc suitable for. 
forming the chaimel region. 
[0025] 

[Embodiment] An embodiment of the present invention is explained in detail referiing to 
Figures. In a manufacturing method of a tliin film transistor concerned in ench 
embodiment explained below, a large nimiber of thin film transistors are manufactured in a 
matiix shape on a transparent glass substrate for using as switching elements of a hquid 
crystal display device. However, for convenience* sake, only one thin fihn transistor is shown 
in Figures. 

[0026] First embodiment. This embodiment corresponds to claim 1, situation 1, situation 3 
concerned in situation 1, and situation 4 concerned in situation 1. 

[0027]-TMs~embodiment, as shown in Figure 37 fundamentalh'^ forming a gate ' 

electrode on a glass substrate (Si), forming a gate insulating film (S2), forming a 
poly-crystalline silicon film as a doped film with liigh impurity concentratio]i (S3), forming a 
channel region by implanting ions into one portion of this polyciystalline silicon film ;ui(l 
making the rest source and drain regions (84), forming a dianncd st()i)per Fdjn covering this 
channel region (85), removing a supeiHuovis portion of the source and the chain regions (Sd), 
fbi-ming the source and di'fiin regions (S7), last of all, covering the wJiok) with a luotectivo 
film (88). The following is a detailed explanation using Figure 1 mid Figiue 2. 
[0028] Figiu-e 1 (a) shows a cross sectional view of the condition to form a gnte electrode 41. ;i 
gate insulating film 42 and a poly-ciystalline silicon film 10 with high impurity concentration 
on a glass substrate 50. Amdng these forming processes, forming the gate electrode 41 ;nid 
the gate insulating film 42 is a gate structure forming process in claim 1, and forming the 
poly ciystalline silicon film 10 with high impurity concentration is a depositing process in 
claim 1. 

[0029] Fii-st, the gate electrode 41 is formed with metal such as molybdenum etc. or 
poly-ciystalhne sihcon on the glass substrate 50 (Si of Figiue 3). This gate electrode 41 is 
formed by depositing a daubed film of metal or polyciystalline silicon on tlie glass substrate 
50 with sputtering or CVD, and by processing the film into the decided shape with 
photolithography and etching. In case of using polyaystalline silicon, an impurity is mack; 
to contain for making sure of the conductivity. 

[0030] Next, the gate insulating film 42 is formed on the glass sul)8trate 55) including tlie gate 
electrode 41 (82 of Figure 3). The quaUty of the materiid of thc^ gate insulating film 42 is not 
limited especially if it is excellent in insulating properties, but i( is giMioral to form the Him 
using silicon oxide (SiOx), sihcon nitride, etc. by CVD. Though the gate insulating film 42 
exists on all the surface of the glass substrate 50 wdthin range of being shown in Figiue 1 (a), 
because it is not necessary in the portion except the thin film transii?tor, for example in the 
portion for forming a liquid crystal element etc., the unnecessaiy portion is removed by 
photolithography and etching. 

[0031] Successively, the polyciystaUine silicon film 10 with high impurity concentration is 
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formed on the gate insulating film 42 as a daubed film hy CVD (S3 of Figiuo 3). This 

poly-aystalline silicon film 10 becomes a chaniiel region and source and drain regions in the 

thin fihn transistor, and is insulated fix)m the gate electrode 41 b}^ the gate insulating film 42. 

. * ■ * 

Then, an impurity mth the decided concentration is made to. contain in this polyxiystalline 

sihcon film 10 at deposit. This impurity is an element imparting the c(mductivity t^) silicon 

such as phosphorus (P), boron (B), etc. The concentration of this impurity is liigh 

concentration obtaining the suitable conductivity for the source and the drain regions of the 

tliin film transistor. Concretely, the polyciystaUine silicon film 10 with high impmity 

concentration is deposited by mixing impurity supplying gases such as phosphine (PH-.) and 

diborane (B2H(;) as an atmosphere gas of CVD at the decided ratio. The reason for making 

this impiuity clement contain at deposit is that it cannot be mjidc^ to contain by solid pliasc; 

diffusion etc. after deposit because the substrate is the glass substrata? 50 being easily 

affected by heat. Besides, the polyciystalUne silicon film 10 is used in tliis case, but an 

amoiphous sihcon film can be used if it has high impurity concentration. 

[0032] Figure 1 (a) shows the condition having been to S3. Subsequent Figvu-e 1 (b) shows 

ion imp^lantMi^^^^ forming process in claim *1 . 

[0033] Fii-st, in order to perform tliis ion implantation, a resist mask Ol is patterned l)y 
photohthogiaphy. The resist mask 61 covers the portions to be source and drain regions in 
the poly-crystalline sihcon film 10, and has a hole in the portion to he a channel region. This 
hole portion is kxrated over the gate electrode 41 and is naiiower than the gat^) electrode. 
Then, the ion implantation is performed in condition that this resist mask Gl exists (S4 of 
Figure 3). The ion implanted here is an ion of element among Si, F, or Ar. Those ions liave 
functions not making contribute to carrier gi^ant by inactivating the impurity element 
contained in the poly-crystalline silicon film 10. 

[0034] When this ion is implanted, the ion penetrates into the portion where the resist mask 
61 is opened in the poly ciystaUinc silicon fihn 10, and the portion becomes a channel rogion 
1. In this channel region 1, the impurity element is inactivated by the ion implanted, and 
the conductivity is lowered by reducing the carrier concentration. On the other hand, 
because the ion is masked in the portion covered with the resist mask (51, the carrier 
concentration of the poly-ciystalhne sihcon film 10 is kept liigh value at deposit. These 
portions are used for source and drain regions. After the ion implantation, the resist mask 
61 is removed. Besides, because the thermal diffusion is not performed after this ion 
implantation, the glass substrate 50 is not damaged thermally. 

[0035] Next, as shown in Figtu^e 1 (c), a channel stopper 43 of sihcon nitride is formed on the 
poly-ciystamne sihcon film 10 by CVD (S5 of Figure 3). The channel stopper 43 is an 
etching stopper for preventing the channel region 1 fiom being etched in an etx:hing 
processing of the source and drain electrodes mentioned later, and formed so as to cover the 
channel region 1 and to jut out a little into the outside. Forming I bis clianiiel sto|)j)er 43 is a 
stopper forming process in situation 3. 

[0036] Successively, as shown in Figm-e 2 (a), the unnecessaiy portion of the polyxiystalline 
silicon film 10 is removed by photohthogiaphy and etching. Consequently, somce and diain 
regions 2 are processed (S6 of Figuie 3). Besides, fomaing the channel stopper 43 of Figiue 1 
(c) and processing these source and drain regions 2 can be exchanged in order. 
[0037] Next, as shown in Figure 2 (b), source and drain electrodes 44 are fonned on the 
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soui-ce and drain region 2 with metal such as aluminum etc. (S7 of Figiu e 3). F(nming these 
source and drain electnkles 44 is performed by forming a diuibed fihn of the metal by 
sputtering or CVD and pracessing by photolithogiaphy and etching, in this etching in-ocuss, 
because the poly-ciysfcalline silicon film 10 is also etched under the concUtion of etching the 
som-ce and di-ain electrodes 44, it is possible that the channel region 1 is damaged so that it is 
necessaiy to take measures to prevent it. In this case, the channel stopper 43 performs 
preventing function for protecting the channel region 1. The source and drain electrodes 44 
foi-med in this way cover the upper side of the source and di-ain regions, and ohmic contact 
between them can be obtained. Forming the source and diain electrodes 44 is an electixide 
forming process in situation 1. 

[0038] Then, after forming the necessaiy wiring, as shown in Figiue 2 (c), a protective film 45 
of silicon nitride or silicon oxide is formed by CVD and covers the whole (S8 of Figure 3), 
consequently a thin film transistor device is accomplished. 

[0039] The thin film transistor manufactured in this way compi ises- the chamiel region 1 
which is one portion of the polyxiystalUne silicon film 10 with hij^di impurity conccnt.ratioji 
and wherein an impurity element is inactivated by perfinminj^ ion implantation of element 
among Si, F, and Ai*; the source and drain regions 2 that the rest of the polyxiystalhne silicon 
film 10; the gate electrode 41 facing the channel region 1 and provided wider than the 
channel region l; the gate insulating film 42 insulating the channel region 1 and the source 
and drain regions 2 fi-om the gate electrode 41; and the sourw and drain el(H:trofl(\s 44 
coming into ohmic contact with the source and drain regions 2. A largo number of iJio thin 
film transistoi\s of this kind are provided in mati'ix shape on the glass substrate HO, ;md 
operate as switching elements of the liquid ciystal display device. 

[0040] The thin film transistor like this has high resistant value of the channel region 1. For, 
in this region, the carrier concentration is lowered because the impurity element is 
inactivated by ion implantation. Accordingly in the normal condition, when the voltage is 
applied between the soui-ce and drain regions 2 with the source and drain electrodes 44, 
these are not conducted each other. However, when the voltage is applied to the gate 
electrode 41, an electric field by the voltage afiects the whole of the channel region 1 
through the gate insulating film 42, of which field effect increases the carrier concentration of 
the channel region 1 and the resistance is decreased. Tlien, when the gate voltage V. 
reaches the thi-eshold voltage Vm,, an electricity is conducted between the source and drain 
regions 2. That is to say, the thin film transistor is reversed to ON. 

[0041] The gate voltage Vg necessaiy for ON reverse of the thin film transistor, that is tx> say, 
the threshold voltage Vth depends on the canier concexitoation of the channel region 1 in aise 
that the gate voltage V^. is zero (hereinafter referred to as an original canier con(x»ntration). 
The original carrier concentration is a concentration of active impurity element in the 
channel region 1, which is subtracted the concentration inactivated by ion implantation (S4 
of Figure 3) fi-om the impurity concentration at depositing the poly-cl3^stalIine silicon film 10 
with high impuiity concentration (S3 of Figui'e 3), Because the poly ciystaUine sihcon film 
10 is deposited with high , impurity concentration here, the concentration can be controlled 
precisely at CVD appai-atus, and the precision of the impmity concentration of the 
poly-ctystalline silicon film 10 is high. Then, the number of i(ms implanted is controlled 
precisely in ion implantation. Therefore, the original canier concentration in the chaimel 
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region 1 is precise. Accordinglj^ the uiiiforinity of the thi-eshokl voltngt; Vti, of each thin fihn 
ti-ansistor formed on one substrate is high. 

[0042] This means that the multi-gradation operation of the hquid crystal display' device is 
possible. According to this thin fihn transistor, the number of gi adation of display operation 
on the liquid crystal display device can be not less than 128. 

[0043] Also, in this thin film transistor, because the chamiel region 1 and the source and 
drain regions 2 are deposited as the poly-ciystaUine silicon film 10 with liigher impurity 
concentration, and the channel region 1 is distmguished fioni the soiu'co and drain regi«n.s 2 
by ion unplantation, the contact resistance between the channel region 1 and the source and 
drain regions 2 can be almost left out of consideration. Also, the ch;uniel length can lio 
shoitened. Accordingly the resistance at ON reverse is small and high-speed opeijU ion is 
possible. Especially, in case of using n-type phosphorus etc. as the impurity element of tlie 
poly-crystalline silicon fihn, because the mobihty of electrons is higher than that of holes, 
fui-thermor-e high-speed operation is possible. 

[0044] Besides, forming the channel i-egionl and the source and thain regions 2 as ono layer 
of the^poly-ciystalhne sihcbn film 10 in this thin film transistor reduces one tijnc; of 
photohthogi-aphy and the nmnber of photo mask, therefore, it does not make the 
manufacturing process complicated and is profitable in manufacturing cost. 
[0045] Also, because a high temperatm-e thennal processing such as thermal difaision etc. is 
not used, a thin film transistor can be formed on a substrate without causing thermal 
damage. Consequently, this method is suitable for forming a tliin film transistor as a 
switching element of a hquid crystal display device on a glass substrate affected easily by 
high temperature. 

[004G] AccorcUng to the first embodiment explained i^bovv. in dcUnl, because the 
poly-crystalline siUcon film 10 with high impurity concentration is deposited, of which one 
portion is made to be the chfmnel region 1 by perfoi-ming inactiv.ition of impurity <;lomcnt 
with ion implantation and the r-est is used as the som-ce and chain regions 2, a large number 
of thin film transistors can be manufactui-ed on the glass substrate 50 without heating up to 
high temperature excessively so as to make threshold voltage Vth uniform in simple 
manufactur-ing process. Besides, in the thin film transistor manufactur-ed in this way, ON 
resistance is low and high-speed operation is possible. Consequentbv multi-gi-adation 
operation and high-speed operation of the hquid crystal di.splay device are possiliie. 
[0047] The second embodiment. This embodiment con-esponds to claim 1, situation 2, 
situation 3 concerned in situation 2, and situation 4 concerned in situation 2. 
[0048] This embodiment, as shown in Figure 6, fiindamentally comprises; forming a gjitc 
electrode on a glass substrate (Sll), forming a gate insrdating film (S12). forming a 
poly-ciystalline silicon film as a doped film with high impurity ajiiciMitiation (S13), Ibnning :i 
channel stopper film covering a portion to be a channel region in the poly ciystalline silicon 
film (S14), removing a superfiuous portion (S15), fomiing source and drain electrodes (Sl G). 
forming a channel region on one portion of the poly-crystalline silicon film by implanting ions 
and making the rest source and drain regions (S17), last of all, covering the whole with a 
pr-otective film (S18). The following is a detailed explanation using Figure 4 and Figiue 5, 
quoting the previous description common to the first embodiment, and emphasizing a point 
of difference. 
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[0049] Forming the gate electiXKle 41 on the glass suhstiate HO (SIT of Fi^-iuc (>), foiminjr (Ik, 
gate insiUating fihn 42 (S12 of Figui-e 6), and forming the poly-cryst.nUine siliaui film 10 dui 
amorphous sihcon fihn is possible) with high impurity concentration (S13 of Figiu-e 6) are the 
same as those of tlie fii-st embodiment (SI to S3 of Figrne 3). Figui-e 4 (a) shows the 
condition havingheen to SIS and the same structure of Figure 1 (a). 

[0050] Next, as shown in Figure 4 (b), a chamiel stopper 43 of silicon nitride is formed on the 
poly-ciystaUine silicon film 10 by CVD (S14 of Figme (J). The ch.innel stopper 43 is an 
etching stopper for preventing the portion to be a channel region in the poly ciystaiJine 
silicon fihn 10 by ion implantation mentioned later &om being etched ui an etching process of 
the souiice and diain electnxles mentioned later, is formed so as t^^ wvcv the pfution and U> 
jut out a httle into the outside. This channel stopper 43 and its formation is the same as the 
explained matter by S5 of Figiue 3 of the first embodiment (Figure 1 (c)). However, in this 
embodiment, a total fihn thickness of the channel stopper 43 mid the poly ciystalUne sificon 
film 10 needs to be thinner than a film thickness of the gate insulating film 42. For, ions are 
prevented fiiom penetrating into the glass substrate 50 in ion implantation mentioned later. 
_[0051]-Successively^as shown in Figmie 4 (c), an unnecessaiy jjortion of the poly cry.stalJine 
silicon fihn 10 is removed by photohthogi-aphy and etching (S15 of Figure 6). By this 
etching, only the portions to be the channel regi(m and the source and (hmn regi(*ns of the 
thin film transistor in the poly ciystalhne sihcon film 10 remain. This etchmg auTCsponds 
to Figure 2 (a) and SO of Figui-c 3 in the fii-st embodiment. Bo.sidt!.^, ronuing tlio chsnmol 
stopper 43 of Figure 4 (b) and this etching process can be exclia n«c in ( >rdoi-. 
[0052] Then, as shown in Figure 5 (a), the source and drain electrodes 44 are formed with 
metal of aluminum etc. on the portions to be the source and drain regions in the 
poly-crystalline sihcon film 10 (S16 of Figm-e 6). Formmg the source and drain electrodes 44 
IS performed by fonning a daubed film of metal by sputtering or C\rD, on which a resist mask 
62 is formed by photohthogi aphy, and processing the daubed film 1 )y eU:lTing. In tliis e(*;hiiig 
process, because the poly-ciystalhne sihcon fihn 10 is etched under the condition of etching 
the source and drain electrodes 44, it is possible that the portion to be the chamiel region is 
damaged and it is necessaiy to take measm-es to prevent the film fiom being etched. In this 
case, the channel stopper 43 performs preventing function for protection of the film. The 
source and drain electrodes 44 fomied in this way cover the upper side of the portions to be 
the som-ce and dram regions, and ohmic contact between them can be obtamed. Forming 
the source and drain electrodes 44 is an electrede foiming pn,cess in situation 2, and 
corresponds to Figure 2 (b) and S7 of Figure 3 in the first embodiment. 

[0053] Next, the channel region 1 is formed by ion implantation (S17 of Figiu-e G and Figure 5 
(b)). This ion implantation rorresponds to Figure 1 (b) and S4 of Figure 3 in the first 
embodiment, and is a channel foi-ming process in situation 2. Therefore the implanted ion is 
the ion of element among Si. F and Ar. In this case, because the resist mask 62 in itself 
made m the previous forming process for the som-ce and dram electrodes 44 masks ions by 
functioning as a stopper against ions, ions are not implanted into the portion to be the souix^e 
and drain regions and implanted mto only the portion to be the channel region in the 
poly-ciystalhne sihcon fihn 10. In the portion, the hnpurity element is inactivated l)y the 
nnplanted ion, and the conductivity is lowered by which the carrier concontration is rccluced. 
consequently this poition becomes the channel region 1. On the other hand, becfuise the ion 
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IS masked m the portion covei-ed with the resist mask 62 and the source and drain electrodes 
44. the crniier concentration is kept high value at deposit. These portions are used for the 
source and di-ain regions 2. Besides, because theimal diffusion is not performed after tWs 
ion implantation, the glass substrate 50 is not damaged thermally. 

[0054] At this time, the acceleration energy of the implanted ion is a low energ3' tha t ions is 
not passed through the gate insiUating fihn 42 in a region outside the resist mask 62 and the 
source and dram electrodes 44 in Fifriu e 5 (b). Because the gla.ss substrate 50 in this portion 
is covered with only the gate insulating film 42, in case of implanhinf^ wK h too hi^h 
ions peneti-ate into the glass substrate 50 through the gate insulating Qhn 42 mid c-,uso 
unfavorable phenomena as a display device such as cloud of (.be ^lass etc. On the <,(her 
hand, energy to some extent is necessaiy as the implanted ions distribute over the whole 
thickness of the poly ciystalline silicon fihn 10. When the acceleration energy is too low, the 
portion where the amier concentration is high remains in the portion a little to the -Ux- 
insulating film 42 in a thickness of the poly ciystalline silicon fihn 10. and obstmction in^'the 
function as a thm film transistor is caused. In this case, as above-mentioned, because a total 
-fihn-thickness of the channel stopper 43 and the polyciystalline silicon film 10 is tliinner 



^i^-- ^"'^ v^^y ox;y.-,i,rfmiie smcon nim iu i.s tlunner 

than a fihn thickness of the gate msulating fihn 42. the acceleration energy- wherein ions do 
not peneti-ate into the glass substrate 50 and distribute over the whole thickne.s.s of ( ho 
poly-ciystalhne sihcon film 10 can be chosen. 

[0055] Besides, the ion hnplantation is perfoimed leaving the re.sist mask 62 as it is in Fi.aire 
o (b), but the ion implantation can be performed after removing the ixisist mask (12 For -i 
self-ahgnment function of the source and drain electrodes 44 having the .same pattern as tlic 
resist ma.sk 62 prevents ion implantation into the portion except the portion to be the 
channel region. 

[0056] Then, after forming a necessaiy wiring, a pretective film 45 of silicon nitride or silicon 
oxide IS foi-med by CVD as shown in Figtire 5 (c), and covere the whole (S18 of Figure (5) 
consequently a thin film transistor device is accomphshed. 

[0057] The thin film transistor manufactured in this way has the .same constitution as that of 
the fiist embodmient. That is to say, it comprises: the channel region 1 which is one portion 
of the poly-ciystalhne sihcon film 10 with high impurity a,ncentration and wherein the 
impurity eleinent is inactivated by implanting ion of element among Si. F and Ai-; the source 
nnd dram regions 2 that the re.st of the poly ciyst^iUine silicon fihn 10; the gate electrode 43 
facmg the channel region 1 and provided wider than the chamiel region i; the gate iasulating 
fihn 42 msulating the channel region 1 and the somre and chain reg«ms 2 frcmi the ga«. 
electrode 41. and the source and diain electredes 44 obtahiing ohmic amtact with the .soui-ce 
and drain regions 2. A large number of the thm film transistors of like this are provided in 
matiix shape on the gla.ss suhstrate 50, and operate as switching elements of the hquid 
ciysfn] display device. ' 

[0058] Therefore in the same way as the fixst embodiment, the thm film transistor of the 
second one has the chai-acteristics that the threshold voltage V,,, of each thin film transistor 
has high uniformity, accordingly a multi-gi-adation operation of the hquid ciystal di.splav 
device IS pos.sible. Besides, becau.se the contact resistance between the channel region 1 ani 
the souice and dram regions 2 can be almost left out of coasidemtion and the chamiel length 
can be shortened, the thin fihn transistor of the second embodiment is .Uso the same as the 
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filst one on the point that ON resistance is smaU and liifrh spccd c.porntion is po^<.]h\o 
Fiu-thermore. needless to say, the channel region 1 and the soiuce and drain regions 2 -.re 
deposited as one layer of the poly-crj'stalline silicon Bhn 10, and photohthogi aphy only for the 
ion implantation using the resist mask 62 for the souiice and drain electi-odes 44 pitx-essin- 
or the source and drmn electrodes 44 themselves as pattern masks is not performed" 
consequently, the manufacturing processes are cut shaiply Besides, because high 
temperatm-e thermal processing is not performed, a thin film transistor can be formed 0,1 
glass substrate easily affected by heat, and can be used for a switching element of a liquid 
ciystal display device. 

[0059] According to the second embodiment explained in detail above, the poly-cl•^^st^li^ino 
silicon film 10 with high impmity concentration is deposited, the soxuce and drain electrodes 
44 are formed on the portions to be the source and drain regions 2 in the polyciystaDine 
sihcon fihn 10, the channel region 1 is formed by which inactivation of impurity element i^ 
perfoi-med by ion implantation on the portion not covered with the source and drain 
electredes 44 in the polyciystaUine silicon film 10. and the rest is u.s(h1 lor (ho simnv and 
. . . dram re©ons42,-consequentIy a large number of thin film transistors can be manufactured on 
a glass substrate 50 without heating up to high temperature excessively .so as to unify their 
threshold voltages Vu,, with simple manufacturing processes. In the thin film tiansi^tor 
manufactured m tliis way. ON resistance is low and high speed (,peration is possible 
Accordingly the multrgi-adation operation and high-speed operation are possible 
[0060] Explanations based the first and the .second embodiments are performed above 
however, the present invention is not limited to .said each embodiment in any way needless 
to say. various designs can be changed within range of the gist of the present invention For 
example, the concrete ingi^dient of various thin fihns such as an in.sidating film a metal film 
Tnnr'i 1 ^^'^ each embodiment can be exchanged to other one having the same function. 

10061J Also, an example for forming a thin fihn transistor on a glas.s .substrate for using as a 
switchmg element of a hquid cxystal display device is shown in said each embodiment, 
besides, the present invention can be apphed in case that a tliin film transistor is formed on 
an object easily affected by high temperature thermal processing. For example, it is thought 
that It can be apphed to forming a transistor after the second layer of the three-dimen,si.,nal 
mtegmtfid cm:uit. For, an aluminum wiring etc. for a transistor of the first laver 
S ''''^ Previou.sly is easily affected by high temperature thermal proces.sing. " 

[Effect] According to a manufactming method of a thin film tmn.sistor concex-ned in the 
present mvention, a semiconductor thin film with high impurity concentrati.m is deposited 
mactivataon of impurity element is performed by .ion implantation on one portion of the 
semiconductor film to be a channel region, and the rest become .source region and drain 
regions, consequently a stable and uniform threshold voIUige V^,. of a thm film transistor 
manufectured ^ obtained. Besides, because high temperature thermal proce.ssing process ls 
not used, the thm fihn transistor of this kind can be foi-med on a substi-ate ea.sily affected by 
high temperatui'e. 

[A brief explanation of Figui'es] 

[Figure 1] An explanatoiy view of a manufacturing method of a tliin fihn transistor 
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concerned in the first embodiment. 

[Figui-e 2] An explanatory view of a manufacturing method of a tliin fihn transic^tor 
amcerned in the first embodiment. ^ ji 

[Figiu-e 3] A figure Showing a flow of a manufecturing meth(Kl of a thin Chn'transistor shown 
in Figures 1 and 2. 

[Figure 4] An explanatoiy view of a manufactmihg method of a thin film transiRtx)r 
concerned in the second embodiment. 

[Figure 5] An explanatoiy view of a manufectming method of a thin film transistor 
concerned m the second embodiment. 

[Figui-e 6] Afigure showing a flow of a manufecturing method of a tliin film tiansistor sb(,wn 
m Figures 4 and 5. 

[Figuie 7] A figui-e showing a flow of the conventional manufacturing method of a thin film 
transistor. 

[Figiue 8] An explanatory view of the conventional manuf^>cturing method of a thin film 
ti-ansistor. 



[Explanations of marks] 

1 channel region 

2 source and drain regions 
10 poly-crystalline silicon film 

41 gate electrode 

42 gate insulating film 
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[Figvire 3] 



Formation of gate electrode 
1 



...SI 



Formation of gate insulating film 
— -t 



.S2 



Foi-mation of poly-siUcon film with high impurity concentj ation 
~~~~ —t 



...S3 



Foi-niation of channel region hy ion implantation 
1 



...S4 



Forming of channel stopper 

— ^ i 



..S5 



Processing of source and drain regions j .. S() 

—n- -t— ' 



Formation of source and dr ain electrodes 
— 1 



...S7 



Formation of protective film 



..S« 



[Figure 6] 



Formation of gate electrode 



-t- 



Formation of gate insulating film 



i- 



...Sll 
...S12 



Formation of poly silicon film with high impurity concentration 



Forniation of channel stopper 
— ^ —i 



...S14 



l-rocessing of poly sihcon fihn with high impunty concentration 



Formation of source and drain regi(jns 
• • i : 



...Slfi 



Fonnation of channel region by ion implautati 
-t- 



ion 



...S13 



..SI 7 



Formation of pr-otective film 



..S18 



.S15 
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[Figure 7] 



Formation of gate electrode 
— _ J 



Fonnation of gate insulating film 
—i 



Formation of channel film 

■ 1 



Formation of channel stopper 

: i 



Processing of channel layer 



i- 



Foiinatibri ofsoiu-de and diTiiii laj^^^^^ 
i 



..a 



...I) 



...f 



Formation of source and drain electrodes 

i— 



Formation of pi-otective film 



...h 
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